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A BST R A C T 
 
An intercomparison of a curve fitting and least 
squares approach is presented for the estimation of 
C H L , C D O M and TSM for two inland waters. In the 
inversion procedures two different bio-optical 
models were used, i.e. the Gordon model and the 
model of A lbert and Mobley. The intercomparison is 
based on simulated AP E X reflectance data. For these 
simulations two field campaigns were organised on 
the Scheldt r iver and Lake Constance to collect 
water samples. They were analysed for the optical 
properties and concentration values of the three 
optically active constituents. Reflectance data were 
then simulated using Hydrolight and the models of 
Gordon and A lbert and Mobley. These simulations 
were used to test several inversion approaches. The 
curve fitting with the model of A lbert and Mobley 
provided the best results for the Scheldt r iver . For 
Lake Constance no single procedure outperformed 
the others.  
 
 
1. IN T R O DU C T I O N 

,QODQG ZDWHUV DUH YHU\ GLYHUVH DQG FDQ LQFOXGH ODNHV
ULYHUVSRQGVVWUHDPVVSULQJVDVZHOODVERJVPDUVKHV
DQG VZDPSV 7KHVH LQODQG ZDWHUV DUH RIWHQ YDOXDEOH
HFRV\VWHPV WKDW RIIHU ZDWHU VXSSO\ HQHUJ\ WUDQVSRUW
DQG UHFUHDWLRQ 7KHVH YDOXHV DUH PRUH DQG PRUH
UHFRJQL]HG OHDGLQJ WR SURWHFWLRQ PHDVXUHV DQG
PRQLWRULQJ LQLWLDWLYHV ,Q WKH :HVWHUQ ZRUOG WKH
PRQLWRULQJ LV RIWHQ UHJXODWHG E\ ODZV HJ 7KH (8
:DWHU)UDPHZRUN'LUHFWLYH(&ZKLFKHQVXUH
WKDW WKH LQIRUPDWLRQ LV ZHOO GRFXPHQWHG DQG DUHD
FRYHULQJ

5HPRWHVHQVLQJRI LQODQGZDWHUV LVJDLQLQJ LPSRUWDQFH
VLQFHWKHDGYHQWRIQHZVHQVRUVZLWKLPSURYHGVSHFWUDO
DQGVSDWLDOFDSDELOLWLHV5HPRWHVHQVLQJFDQVHUYHDVDQ
DGGLWLRQDO VRXUFH RI LQIRUPDWLRQ WR VXSSRUW ZDWHU
TXDOLW\PRQLWRULQJ SURJUDPV %HVW UHVXOWV DUH REWDLQHG
E\ FRPELQLQJ 5HPRWH VHQVLQJ GDWD ZLWK WKH UHVXOWV RI
WUDGLWLRQDOVDPSOLQJSURJUDPV
'DWD IURP PXOWLVSHFWUDO VDWHOOLWH VHQVRUV VXFK DV
1$6$¶V 0RGHUDWH 5HVROXWLRQ ,PDJLQJ
6SHFWURUDGLRPHWHU 02',6 DQG 6HDYLHZLQJ :LGH
)LHOGRIYLHZ 6HQVRU 6HD:L)6 DQG WKH (XURSHDQ
6SDFH $JHQF\¶V 0HGLXP 5HVROXWLRQ ,PDJLQJ
6SHFWURPHWHU 0(5,6 KDYH EHHQ XVHG WR PRQLWRU
LQODQG ZDWHUV %XGG DQG :DUULQJWRQ >@ IRU LQVWDQFH
GHYHORSHG DOJRULWKPV WR HVWLPDWH FKORURSK\OO D DQG
7RWDO 6XVSHQGHG 0DWWHU 760 FRQFHQWUDWLRQV IURP
6HD:L)6LPDJHU\ 
2IWHQ WKHVH VDWHOOLWH VHQVRUV ODFN WKH UHTXLUHG VSDWLDO
UHVROXWLRQ WR IXOILOO WKH PRQLWRULQJ WDVNV IRU LQODQG
ZDWHUV$LUERUQHGDWDRUKLJKHUUHVROXWLRQVDWHOOLWHGDWD
FRXOG EH PRUH DSSURSULDWH *LDUGLQR HW DO >@ XVHG
+\SHULRQGDWDWRWHVWWKHLQWHJUDWLRQRI5HPRWHVHQVLQJ
GHULYHG SURGXFWV LQWR WKH ZDWHU TXDOLW\ PRQLWRULQJ
SURJUDPVRI/DNH*DUGD  ,Q WKLV VWXG\ WKH VSDWLDODQG
VSHFWUDOUHVROXWLRQVRI+\SHULRQZHUHFRQVLGHUHGKLJKO\
VXLWDEOH $LUERUQH GDWDVHWV KDYH EHHQ XVHG WR VWXG\
YDULRXV)LQQLVK ODNHV$FFRUGLQJ WR.DOOLR>@5HPRWH
VHQVLQJFDQEHDYDOXDEOHWRROSDUWLFXODUO\LQODNHGHQVH
UHJLRQVZKHUH WKHQXPEHURI ODNHVDQG WKHYDULDWLRQ LQ
WKHODNHVLVVRKLJKWKDWRQO\DVPDOOSRUWLRQRIWKHPFDQ
EHPRQLWRUHGXVLQJWUDGLWLRQDOLQVLWXPHWKRGV

7R UHWULHYH ZDWHU TXDOLW\ SDUDPHWHUV IRU WKHVH LQODQG
ZDWHUV GLIIHUHQW PRGHOV DUH DYDLODEOH LQ WKH OLWHUDWXUH
7KH\ UDQJH IURP VLPSOH VLWHVSHFLILF HPSLULFDO
DOJRULWKPV WR SXUHO\ DQDO\WLFDO ,Q WKH DQDO\WLFDO
DSSURDFK WKH ZDWHU FRQVWLWXHQW FRQFHQWUDWLRQV DUH
SK\VLFDOO\ UHODWHG WR WKH PHDVXUHG UHIOHFWDQFH VSHFWUD
XVLQJ VRSKLVWLFDWHG UDGLDWLYH WUDQVIHU PRGHOV HJ
+\GUROLJKW 7KHVH UDGLDWLYH WUDQVIHU PRGHOV DUH EHLQJ
XVHGIRUH[DPSOHWRJHQHUDWH/RRN8S7DEOHVDQGWUDLQ
VRSKLVWLFDWHG QHXUDO QHWZRUNV >@ WR UHWULHYH
FRQFHQWUDWLRQVYDOXHV
7KH VHPLDQDO\WLFDO DSSURDFK XVHV VLPSOLILHG ELR
RSWLFDOPRGHOVZKLFKGHVFULEHWKHUHODWLRQVKLSEHWZHHQ
ZDWHU UHIOHFWDQFH DQG WKH FRQFHQWUDWLRQ RI FRQVWLWXHQWV
DQG WKHLU6SHFLILF ,QKHUHQW2SWLFDO3URSHUWLHV 6,236
$ ZHOO NQRZQ ELRRSWLFDO PRGHO LV WKH RQH GHYHORSHG
E\ *RUGRQ >@ 0RUH UHFHQWO\ $OEHUW DQG 0REOH\ >@
GHULYHG  D QHZ HTXDWLRQ IRU WKH LUUDGLDQFH UHIOHFWDQFH
DQG UHPRWH VHQVLQJ UHIOHFWDQFH IRU GHHS DQG VKDOORZ
ZDWHU DSSOLFDWLRQV7KHVHPRGHOV DUH WKHQ LQYHUWHG >@
_____________________________________________________ 
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 XVLQJHJDOHDVWVTXDUHVRUDFXUYHILWWLQJDSSURDFK>@
WRGHULYHFRQFHQWUDWLRQYDOXHV

,Q WKLV SDSHU D IHZ DSSURDFKHV EDVHG RQ WKHVH ELR
RSWLFDO PRGHOV DUH WHVWHG WR UHWULHYH FRQFHQWUDWLRQV RI
7607RWDO6XVSHQGHG0DWWHU&+/&KORURSK\OODQG
&'20&RORXUHG'LVVROYHG2UJDQLF0DWWHU,QDILUVW
VWDJH WKHRSWLFDOSURSHUWLHVRIGLIIHUHQW LQODQGZDWHUV
ZHUHVWXGLHG1H[W UHDOLVWLF$3(;>@ $LUERUQH3ULVP
([SHULPHQW 5HPRWH VHQVLQJ UHIOHFWDQFHV ZHUH
VLPXODWHGZKLFKIRUPWKHEDVLVRIWKHLQLWLDODOJRULWKP
WHVWLQJ 7KLV DOJRULWKP WHVWLQJ LV SDUW RI WKH 0,&$6
SURMHFW DQG LV SODQQHG WR EH IXUWKHU HODERUDWHG RQ
FDOLEUDWHG $3(; LPDJHU\ DYDLODEOH LQ WKH VHFRQG
TXDUWHURI


2. ST UD Y A R E A 
7RIRUPD VROLGEDVLV IRUDOJRULWKP WHVWLQJ  WZR LQODQG
ZDWHUVZHUHFKRVHQZLWKFOHDUGLVWLQFWZDWHUSURSHUWLHV

 $ULYHURQWKHHGJHRILWVHVWXDU\DWWKHSRUWRI
$QWZHUS7KH6FKHOGW%HOJLXP
 $Q ROLJRWURSKLF SHULDOSLQH ODNH /DNH
&RQVWDQFH6ZLW]HUODQG

7KHORFDWLRQVRIWKHVHZDWHUVDUHJLYHQLQ)LJXUHDQG


)LJXUH/RFDWLRQRIWKH6FKHOGWVWXG\VLWH

)LJXUH/RFDWLRQRIWKH/DNH&RQVWDQFHVLWH
3. M E T H O D O L O G Y 

3.1 F ield Campaign 

$Q LQWHQVLYH ILHOG FDPSDLJQ ZDV RUJDQL]HG RQ
DQGRQ/DNH&RQVWDQFHDQGWKH
ULYHU 6FKHOGW UHVSHFWLYHO\ :DWHU ZDV VDPSOHG IURP
YHVVHOVDQGSRQWRRQVFDFPEHORZWKHZDWHUVXUIDFH
7KHZDWHUVDPSOHVZHUHVWRUHGLQGDUNERWWOHVDQGZHUH
NHSW FRRO XVLQJ GU\ LFH LPPHGLDWHO\ DIWHU VDPSOLQJ
7KH\ZHUHXVHGIRUFRQFHQWUDWLRQPHDVXUHPHQWVDQGWR
DQDO\VH WKH LQKHUHQW RSWLFDO SURSHUWLHV LQ WKH ODE $W
GLVFUHWHSRLQWVWKHEDFNVFDWWHUPHWHUIURP:HWODEVZDV
XVHG DQG UHFRUGHG EDFNVFDWWHULQJ LQIRUPDWLRQ DW WKUHH
ZDYHOHQJWKVQPQPDQGQP

3.2 Specific inherent optical properties 

:DWHUVDPSOHV WDNHQGXULQJ WKH ILHOGFDPSDLJQVZHUH
DQDO\VHG LQ WKH ODE IRU WKHLU FRPSRQHQW FRQFHQWUDWLRQV
DQG RSWLFDO SURSHUWLHV 7KH VSHFLILF DEVRUSWLRQ VSHFWUD
RISDUWLFOHVQRQDOJDHSDUWLFOHVDQGSK\WRSODQNWRQZHUH
PHDVXUHGXVLQJD/,&25LQWHJUDWLQJVSKHUHDWWDFKHGWR
DQ$6'VSHFWURPHWHU IROORZLQJ WKHPHWKRGVGHVFULEHG
E\ 7DVVDQ DQG )HUUDUL >@ DQG 5(9$03 SURWRFROV
>@ 7R UHWULHYH WKH&'20DEVRUSWLRQ FRHIILFLHQW RI
WKH ZDWHU VDPSOHV D EHDP DWWHQXDWLRQ RI WKH ILOWHUHG
ZDWHUZDVPHDVXUHGZLWK2FHDQ2SWLFVHTXLSPHQW LQD
WUDQVSDUHQWFXYHW$VRQO\GLVVROYHGPDWWHULVSUHVHQWLQ
WKH ILOWHUHG ZDWHU WKH DWWHQXDWLRQ VSHFWUD FRXOG EH
DVVXPHG WR EH HTXDO WR LWV DEVRUSWLRQ 6SHFLILF
EDFNVFDWWHULQJ IRU WKH 760ZDV UHWULHYHG IURP LQVLWX
%%PHDVXUHPHQWV

3.3 Simulations 

5HIOHFWDQFH GDWD ZHUH VLPXODWHG XVLQJ+\GUROLJKW WKH
ELRRSWLFDOPRGHORI$OEHUWDQG0REOH\>@DQGWKHELR
RSWLFDOPRGHO RI*RUGRQ >@ 7KH+\GUROLJKW UDGLDWLYH
WUDQVIHU PRGHO FDOFXODWHV UDGLDQFH GLVWULEXWLRQV DQG
UHODWHG TXDQWLWLHV OLNH LUUDGLDQFH DQG UHIOHFWDQFH IRU
VSHFLILHG ZDWHU LOOXPLQDWLRQ DQG YLHZLQJ FRQGLWLRQV
>@  7KH UDQJHV IRU WKH 760 &'20 DQG &+/
FRQFHQWUDWLRQV XVHG LQ WKH VLPXODWLRQV ZHUH FKRVHQ WR
EHUHSUHVHQWDWLYHIRUWKHGD\RIRXUILHOGFDPSDLJQ7KH
VHOHFWHGUDQJHVZHUH

/DNH&RQVWDQFH&'20!P
&+/! JO
760!PJO

6FKHOGW&'20!P
&+/! JO
760!PJO


 7KH VDPH LQSXW FRQFHQWUDWLRQV ZHUH XVHG IRU WKH
VLPXODWLRQV ZLWK WKH *RUGRQ DQG $OEHUW DQG 0REOH\
PRGHOV7KH*RUGRQPRGHOLVGHILQHGDVIROORZV
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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ZLWK D  WKH VSHFWUDO WRWDO DEVRUSWLRQ FRHIILFLHQW DW
ZDYHOHQJWK  P EE  WKH VSHFWUDO WRWDO
EDFNVFDWWHULQJFRHIILFLHQWDWZDYHOHQJWK PDQG I
DQHPSLULFDOIDFWRUZKLFKGHSHQGVRQVRODUDQGYLHZLQJ
JHRPHWU\

7KH$OEHUW DQG0REOH\PRGHO VWDUWV IURP WKH*RUGRQ
PRGHO EXW DGGV DQ H[SUHVVLRQ IRU WKH IIDFWRU PDNLQJ
WKLV IIDFWRU GHSHQGHQW RQ WKH RSWLFDO SURSHUWLHV WKH
VRODU]HQLWKDQJOHDQGWKHZLQGVSHHG
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)RU DOJRULWKP WHVWLQJ FRPELQDWLRQ RI VHPLDQDO\WLFDO
PRGHO *RUGRQRU$OEHUW DQG0REOH\  DQG LQYHUVLRQ
SURFHGXUH UHDOLVWLF VSHFWUD ZHUH VLPXODWHG ZLWK
+\GUROLJKW)RULQWHUSUHWDWLRQRIWKHLQYHUVLRQ


)LJXUH6LPXODWHGVXEVXUIDFHLUUDGLDQFHUHIOHFWDQFHV

SURFHGXUH LWVHOI WKH VHPLDQDO\WLFDO PRGHOV ZHUH XVHG
IRUERWKIRUZDUGDQGLQYHUVHPRGHOLQJ)LJXUHVKRZV
WZRVHWVRIVLPXODWHGVXEVXUIDFHLUUDGLDQFHUHIOHFWDQFHV
5RQHIRUWKH6FKHOGWULYHURQHIRU/DNH&RQVWDQFH
6LPXODWLRQV ZHUH GRQH ZLWK +\GUROLJKW WKH *RUGRQ
PRGHODQGWKHPRGHORI$OEHUWDQG0REOH\
$IWHU WKH VLPXODWLRQV WKH UHIOHFWDQFH GDWD ZHUH
UHVDPSOHGWR$3(;ZDYHOHQJWKV

3.4 Algorithm selection 
$OHDVWVTXDUHVDQGFXUYHILWWLQJDSSURDFKZDVWHVWHGRQ
WKHVLPXODWHGGDWD
3.4.1  Linear  Least  Square  Approach  

,QWKLVDSSURDFKWKHPRGHORI*RUGRQ>@ZDVFKRVHQDV
ELRRSWLFDO PRGHO  7KH IDFWRU I ZDV FDOFXODWHG
DFFRUGLQJWR:DONHU>@
I  
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7KH ,23 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7R VLPXOWDQHRXVO\ HVWLPDWH WKH FRQFHQWUDWLRQV RI WKH
ZDWHUFRQVWLWXHQWVDOHDVWVTXDUHDSSURDFKZDVXVHGIRU
VROYLQJWKHV\VWHPRIOLQHDUHTXDWLRQV
3.4.2.  Curve  fitting  approach  

,Q WKH FXUYH ILWWLQJ DSSURDFK 760 &+/ DQG &'20
FRQFHQWUDWLRQV &Ö  DUH HVWLPDWHG E\ PLQLPL]LQJ WKH
HUURUEHWZHHQPRGHOHG  5Ö  DQGPHDVXUHG  5  VSHFWUD
,Q WKLV DSSURDFK ERWK WKHPRGHO RI$OEHUW DQG0REOH\
DQG *RUGRQ ZDV XVHG LQ WKH PLQLPL]DWLRQ 7KH
PHDVXUHGVSHFWUD 5 DUHUHSODFHGE\WKHVLPXODWLRQVWR
KDYH IXOO FRQWURO RYHU WKH LQSXWV 7KH DOJRULWKP VWDUWV
ZLWK D VHW RI LQLWLDO FRQFHQWUDWLRQV YDOXHV IRU &'20
760 DQG &+/ 7KH RSWLPL]HU WKHQ FDOFXODWHV WKH
506(EHWZHHQVLPXODWHG 5 DQGPRGHOHG 5Ö VSHFWUD
DQG VXEVHTXHQWO\ DGMXVWV WKH LQSXW FRQFHQWUDWLRQV &Ö 
XQWLODPLQLPXP506(LVREWDLQHG



)LJXUH&XUYHILWWLQJSURFHGXUH

   
4. R ESU L TS A ND D ISC USSI O N 

$V D ILUVW WHVW WKH FXUYH ILWWLQJ DQG OHDVW VTXDUHV
DSSURDFKHV ZHUH WHVWHG XVLQJ WKH VDPH PRGHO IRU
IRUZDUG DQG LQYHUVH PRGHOLQJ 7KLV DOORZV XV WR ORRN
LQWRWKHHUURUVGXHWRWKHLQYHUVLRQSURFHGXUHLWVHOI7KH
UHVXOWV IRU WKH 760 FRQFHQWUDWLRQV IRU WKH WZR VWXG\
VLWHVDUHVKRZQLQ)LJXUHVDQG)RUERWKVWXG\VLWHV
WKHWZRDSSURDFKHVSHUIRUPDOPRVWSHUIHFW7KHUHVXOWV
IRUWKH&+/DQG&'20HVWLPDWLRQVZHUHVLPLODU


)LJXUH  ,QWHUFRPSDULVRQ RI /HDVW VTXDUHV DQG FXUYH
ILWWLQJDSSURDFKIRU/DNH&RQVWDQFHXVLQJWKH*RUGRQ
DQG$OEHUW DQG0REOH\ELRRSWLFDOPRGHOV IRU IRUZDUG
VLPXODWLRQDQGLQYHUVHPRGHOLQJ


)LJXUH  ,QWHUFRPSDULVRQ RI /HDVW VTXDUHV DQG FXUYH
ILWWLQJDSSURDFK  IRU WKH6FKHOGWXVLQJ WKH*RUGRQDQG
$OEHUW DQG 0REOH\ ELRRSWLFDO PRGHOV IRU IRUZDUG
VLPXODWLRQDQGLQYHUVHPRGHOLQJ


,QDVHFRQGVWHS WKH+\GUROLJKW VLPXODWLRQVZHUHXVHG
DVLQSXW7KHUHVXOWVDUHVKRZQLQ)LJXUHVDQG

 




)LJXUH  ,QWHUFRPSDULVRQ RI /HDVW VTXDUHV DQG FXUYH
ILWWLQJDSSURDFK  IRU /DNH&RQVWDQFHXVLQJ+\GUROLJKW
VLPXODWLRQV




)LJXUH  ,QWHUFRPSDULVRQ RI /HDVW VTXDUHV DQG FXUYH
ILWWLQJ DSSURDFK  IRU WKH 6FKHOGW XVLQJ +\GUROLJKW
VLPXODWLRQV

 )RU /DNH &RQVWDQFH QRQH RI WKH LQYHUVLRQ SURFHGXUHV
SHUIRUPVEHWWHUWKDQWKHRWKHUV$OOSURFHGXUHVDUHDEOH
WR HVWLPDWH WKH 760 FRQFHQWUDWLRQ ZLWKLQ UHDVRQDEOH
HUURUPDUJLQV7KH\DOOIDLOKRZHYHUWRHVWLPDWHWKHWR
 JO&+/FRQFHQWUDWLRQ7KH/HDVWVTXDUHVDSSURDFK
HYHQUHVXOWVLQQHJDWLYH&+/FRQFHQWUDWLRQYDOXHV7KH
&'20 FRQFHQWUDWLRQ LV RYHUHVWLPDWHG E\ DOO WKUHH
DSSURDFKHV  )RU WKH 6FKHOGW 5LYHU WKH $OEHUW DQG
0REOH\ FXUYH ILWWLQJ RXWSHUIRUPV WKH RWKHU SURFHGXUHV
IRUDOOWKUHHFRQVWLWXHQWV)RUWKHVHKLJKHU&+/&'20
DQG 760 FRQFHQWUDWLRQV WKH $OEHUW DQG 0REOH\
SHUIRUPV YHU\ ZHOO ,Q SDUWLFXODU IRU WKH &+/
HVWLPDWLRQV WKH*RUGRQPRGHOVHHPV WREH OHVVVXLWHG
)RU ERWK &+/ DQG &'20 WKH OHDVW VTXDUHV LQYHUVLRQ
SHUIRUPV ZRUVW DQG IRU ORZ &+/ FRQFHQWUDWLRQV WKH
SURFHGXUHUHVXOWVLQQHJDWLYH&+/HVWLPDWLRQV

2YHUDOO WKH OHDVW VTXDUHV DSSURDFK VHHPV WR EH OHDVW
VXLWDEOHWRGHULYHFRQFHQWUDWLRQYDOXHVIRU&'20&+/
DQG7607KLVDSSURDFK LV UHVWULFWHG WR OLQHDU IRUZDUG
PRGHOVRQO\LQZKLFKFDVHDQDQDO\WLFDOH[SUHVVLRQFDQ
EH IRXQG2QH RI WKH SUREOHPV RI WKLV DSSURDFK LV WKH
SUHVHQFH RI QHJDWLYH FRQFHQWUDWLRQ YDOXHV ZKHQ
DSSO\LQJ WR UHDOLVWLF GDWD $ FXUYH ILWWLQJ WHFKQLTXH
ZKHUH QRQOLQHDU PRGHOV FDQ EH XVHG LV WKHUHIRUH
SUHIHUUHG3DUWLFXODUIRUWKH6FKHOGWGDWDVHWZLWKKLJKHU
&+/760DQG&'20FRQFHQWUDWLRQV  LW LVVXJJHVWHG
WR KDYH DQ IIDFWRU ZKLFK LV GHSHQGHQW RQ WKH 6,236
ZLQGVSHHGDQGVRODU]HQLWKDQJOHDVLVWKHFDVHIRUWKH
$OEHUWDQG0REOH\PRGHO

)XUWKHU UHVHDUFK LQFOXGHV WKH GHYHORSPHQW RI D QHZ
PLQLPL]DWLRQ FULWHULRQ IRU FXUYH ILWWLQJ 0RGHOHG DQG
VLPXODWHG VSHFWUD ZLOO EH ZDYHOHW WUDQVIRUPHG ,QVWHDG
RI PLQLPL]LQJ WKH GLIIHUHQFH EHWZHHQ PRGHOHG DQG
VLPXODWHG VSHFWUD XVLQJ D VLPSOH 506( WKH 506(
ZLOOEHFRPELQHGZLWKVSHFLILFZDYHOHWIHDWXUHV6HYHUDO
W\SHVRIHUURUVDQGQRLVHZLOOEHDGGHGWRWKHVLPXODWHG
VSHFWUDWRILQGUREXVWIHDWXUHV
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9/,= IRU WKHLU FRRSHUDWLRQ GXULQJ WKH HQWLUH SURMHFW
'$%YORRW IRU WKH YHVVHOV GXULQJ WKH DLUERUQH
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